To simulate actual usage conditions, the frequency response of hearing aids was measured on the head of a manikin over the frequency range of 0.2 to 8 kHz.
pret the hearing aid response at various frequencies and locations on the head, it is necessary to precisely know the pressure variations. The amplitude and phase of the acoustic pressure were measured in increments ranging from 2 mm to 5 mm alongside a manikin's head with frontal sound incidence. The acoustic driver was located in front of the manikin at a distance of 1.0 m from the ear canal axis. The test frequencies were the octave band center frequencies from 0.5 kHz to 4.0 kHz and the third octave band center frequencies from 4.0 kHz to 8.0 kHz.
It will also be shown that pink noise of 6% and 29% bandwidth at 6.3 kHz and 8.0 kHz has a smoothing effect on the acoustic pressure variation with location. 
INTRODUCTION
In the past, the gain, the frequency response, the saturation level and the distortion in hearing aids have been measured between 0.2 and 5.0 kHz in a (approximate) free field using a 2-cm 3 coupler (ANSI, 1975; IEC, 1958) .
It can be expected that in the near future the useful frequency range of hearing aids will be extended to approximately 8 kHz.
Furthermore, it is well known that the head and/or the torso causes the sound pressure level around the head, where hearing aids are typically placed, to differ considerably with position and with frequency, from the free-field pressure level (Wiener, 1947a (Wiener, , 1947b Rschevkin, 1963; Burkhard and Sachs, 1975; Kuhn, 1976 (Wiener, 1947b; Rschevkin, 1963 Firestone, 1930; Wiener, 1947a; Morse, 1948; and Rschevkin, 1963 ) and a derivation is therefore not repeated here. The formulation by Rschevkin (1963) (This feedback microphone was not used for measurements with noise.) A "1/2-inch" microphone with a 9.3 cm long, 2-mm internal diameter probe, filled with damping material, was used to measure the pressure alongside the head. The probe microphone is shown in Fig. 2 *The 1.0 m distance is typical of conversational speech and is being considered for hearing aid testing (Burkhard, 1976) . These and other pressure measurements were also made at a source to ,ear canal-axis distance of 3.5 m and will be the subject of a future paper.
Since the pressures around the head were normalized to the free field incident pressures at any one frequency, the microphone probe does not need to be calibrated. However the probe microphone must be stable.
Initially, some foam was wrapped around the microphone and preamplifier but later removed since it had no effect on the pressure near the head surface.
The microphone probe was mounted on x-y-z coordinate mechanical slides which can be adjusted to a resolution of 0.01 mm. The slides themselves were mounted behind the manikin, in its acoustic shadow, to minimize the effect of the scattered pressures on the measurements (see Fig. 3 ).
The free field (incident) pressure was measured with the microphone probe at a point vertically above the ear canal axis on contour 2 (see along contours 1 through 6 were spaced exactly 2 mm, 4 mm, and 7 mm from the head surface. However, for the sake of brevity, this presentation will report only the results measured 4 mm from the head surface and along contours 2 and 4.* The probe was moved in 4 mm increments along *The measurements of the pressure amplitude and phase for the other contours will be described in a future paper.
contour 2 over a total distance of 10 cm.
Since contour 4 follows the shape of the head and the microphone probe is set in a cartesian coordinate system, it is extremely complicated to move along this contour at exactly 4-mm intervals. Therefore, the increments were chosen to be 4 The measurements were made with the equipment shown in Fig. 5 with the exception that the "1/4-inch" feedback microphone was not used for the measurements using noise.
RESULTS
The sound pressure levels along contour 2 at 0.5, 1.0, 2.0, and 4.0 kHz, normalized to the free field sound pressure level are shown in Fig. 6 .
It can be seen that the pressure levels near the front of the head are greater than those at the back of the head. The pressure is smooth and well-behaved with position at frequencies < 2.0 kHz. At 4 kHz the pressure levels range from approximately + 6 dB to -2 dB from the front to the back of contour 2.
Theoretical pressure levels on the surface of a rigid sphere are shown in Fig. 7 , along with measured results, for frequencies of 0.5, 1.0, and 2.0 kHz.
The theoretical pressure predictions for a sphere lie within 1.5 dB of the measured results. At 2.0 kHz, however, the theoretical level predictions are lower than the measured data T Burkhard and Sachs (1975) show that the pressure at the ear canal is increased by approximately 2.5 dB by the reflection from the torso/ shoulder. As can be seen from Fig. 7 , if a correction of a nominal + 2.5 dB is applied to the predicted pressure levels along the side of the head, then the resulting pressure levels are in good agreement with the measurements .
The pressure levels alongside the head at 5.0, 6.3, and 8.0 kHz are shown in Fig. 8 Table 1 . Column 1 of Table 1 refers to the "vertical difference" in sound pressure level in going from contour 1 to contour 2 or 3. Column 2 refers to the "longitudinal difference"
which represents the change in sound pressure level along contour 2 when the microphone position changes by 5 mm. The third column refers to the lateral difference in the sound pressure level when the microphone is moved from the position 2 mm from the head surface to 7 mm from the head surface, normal to the head surface.
I CONCLUSIONS
The spatial variation of the sound pressure level along the head of a manikin is smooth and decreases monotonically , within ± 1 dB, from tfye j front to the back of the head for frequencies < 2 kHz. For frequencies between 4 and 8 kHz the spatial pressure variation is less well-behaved and oscillates by as much as 14 dB from the front to the back of the head over the 10-cm range of contour 2.
The pressure variation immediately behind the pinna is smooth at low frequencies.
However, a sharp null in the spatial pressure variation is formed at frequencies of 5.0 to 8.0 kHz. Thus, hearing aid microphones behind the pinna would be exposed to severe level differences from position to position and frequency to frequency since the null shifts position with frequency. The pressure measurements at such a location are therefore unreliable unless particular care is used in the microphone placement.
It has also been shown that it may be useful to test hearing aids with random noise of finite bandwidth (see Fig. 11 and In order to compare and interpret the hearing aid response at various frequencies and locations on the head, it is necessary to precisely know the pressure variations. The amplitude and phase of the acoustic pressure were measured in increments ranging from 2 mm to 5 mm alongside a manikin's head with frontal sound incidence. The acoustic driver was located in front of the manikin at a distance of 1.0 m from the ear canal axis. The test frequencies were the octave band center frequencies from 0.5 kHz to 4.0 kHz and the third octave band center frequencies from 4.0 kHz to 8.0 kHz.
It will also be shown that pink noise of 6% and 29% bandwidth at 6.3 kHz and 8.0 kHz has a smoothing effect on the acoustic pressure variation with location . 
